In addition to its role in resisting anterior translation and abnormal anterior lateral rotation of the tibia over the femur, the anterior cruciate ligament (ACL) is responsible for multiple functions in the knee, including proprioception, because it has mechanoreceptors in the subsynovial tissue.[@bib1] In many cases with a torn ACL, the tibial attachment is well preserved.[@bib2] This stump provides a source of reinnervation and blood supply for the graft and enhances proliferation of fibroblasts.[@bib3], [@bib4] In this technique, we aim to provide a simple way of performing ACL reconstruction, meanwhile preserving the wide tibial attachment that cannot be maintained by other methods of ACL reconstruction.

Surgical Technique {#sec1}
==================

Patient Positioning {#sec1.1}
-------------------

All patients are operated on in the supine position after the application of a thigh tourniquet. The patients are examined under anesthesia (Lachman test, pivot shift, stress varus, and valgus tests).

Diagnostic Arthroscopy {#sec1.2}
----------------------

The standard anterolateral, anteromedial, and far anteromedial portals are developed. The knee is examined by arthroscopy. Concomitant meniscal injuries are treated by meniscectomy or meniscal repair.

Graft Preparation {#sec1.3}
-----------------

The semitendinosus and gracilis tendons are harvested from the same leg using a Pigtail Tendon Peeler (Depuy Mitek, Raynham, MA). A six-strand graft is prepared using No. 2 Ethibond sutures (Ethicon, Somerville, NJ) and the graft size is measured. The graft is prepared before drilling the femoral and tibial tunnels. This prevents drilling a larger size tunnel, which is not necessary to accommodate the graft. In addition, this preserves as much tissue in the stump as possible.

Creating the Femoral Tunnel {#sec1.4}
---------------------------

The procedure starts with exposing the ACL femoral footprint by a motorized shaver ([Fig 1](#fig1){ref-type="fig"}A). The femoral tunnel is developed in the center of the femoral footprint. A guide pin (Bayonet Point Pin w/Eyelet; Depuy Mitek) is inserted through the femur and then the tunnel is drilled by a proper-size reamer (Acorn Reamers; Depuy Mitek) from the far anteromedial portal while the knee is in 120° flexion. The tunnel is cleaned by a motorized shaver to remove any debris.Fig 1Arthroscopic view of the right knee from the anterolateral portal. (A) A shaver introduced from the anteromedial portal is used to shave the remnants of the femoral stump. (B) A number 11 blade is used to split the tibial ACL stump longitudinally. (C) The tip of a tip aiming C-guide is placed in the center of the tibial stump. (D) A probe is used to feel the site of exit of the guide pin into the joint before reaming. (ACL, anterior cruciate ligament.)

Creating the Tibial Tunnel {#sec1.5}
--------------------------

The ACL stump is then assessed. We do not shave any of the tibial remnants, but instead we use a number 11 blade to split the stump longitudinally ([Fig 1](#fig1){ref-type="fig"}B). A short tip aiming C-guide (Tip Aiming Arm; Depuy Mitek) is used with the tip placed in the center of the stump passing through the split ([Fig 1](#fig1){ref-type="fig"}C). The guide pin (Bayonet Point Pin w/Eyelet; Depuy Mitek) is passed until it is felt to hit the tip of the C-guide. The tip of the guide pin can be visualized by arthroscopy. If visualization of the tip of the guide pin is difficult due to the stump, a probe is used to feel the site of exit of the guide pin to make sure that it is in the center of the tibial footprint ([Fig 1](#fig1){ref-type="fig"}D). A 6-mm reamer (Acorn Reamer; Depuy Mitek) is used to create the tibial tunnel. The reamer is passed through the tibia until a release of resistance is felt once the joint surface is breached. We then proceed to larger reamer diameters in 1 mm increments till reaching the desired tibial tunnel size. Again, a probe can be used to feel the site of the tunnel. Excessive drilling or reaming into the joint should be avoided. Excessive drilling or reaming in the tissue of the stump should be avoided not to damage the stump. When a release of resistance is felt, a careful arthroscopic assessment should be made to visualize the reamer. If visualization is difficult, a probe can be used to palpate the tip of the reamer. A metallic sensation indicates that the reamer has penetrated into the joint and the surgeon can proceed to the next step even if the reamer is not visualized. A motorized shaver is then inserted through the tibial tunnel from the anteromedial surface of the tibia to inside the joint to bore a tunnel through the ACL stump for the passage of the graft. The tissues that have been shaved are in the central part of the ACL stump, whereas the subsynovial tissue with high density of mechanoreceptors is preserved. This allows the passage of the graft smoothly through the stump.

Shuttling the ACL Graft {#sec1.6}
-----------------------

We then pass a shuttling loop through the femoral tunnel. A ring forceps or a grasper is introduced through the tibial tunnel to pass the shuttling loop through the knee joint, the bored tunnel inside the ACL stump, and the tibial tunnel ([Fig 2](#fig2){ref-type="fig"}A).Fig 2Arthroscopic view of the right knee from the anterolateral portal. (A) The hamstring graft is first shuttled through the stump. (B) A suture passing device (Expressew II; Depuy Mitek, Raynham, MA) is used to pass No. 2 Vicryl sutures through the graft and stump. (C) While a grasper is used to tension the stump, a sliding knot followed by 2 half hitches are tied. (D) The final appearance of the ACL after the knot is tied. (ACL, anterior cruciate ligament.)

Graft Fixation {#sec1.7}
--------------

The graft is fixed proximally and distally by 2 biodegradable screws (Absolute absorbable interference screw; Depuy Mitek). Once the graft is secured with the screws, a grasper is introduced into the joint and used to tension the stump over the graft. A No. 2 Vicryl suture is used to suture the graft to the ACL stump by Expressew II (Depuy Mitek) ([Fig 2](#fig2){ref-type="fig"}B). Both ends of the suture are retrieved by a ring forceps from the anteromedial portal and tied by a sliding knot that is secured by 2 half hitches. Tension is maintained during suture passage and knot tying to prevent buckling of the stump in the notch ([Fig 2](#fig2){ref-type="fig"} C and D). In some cases, we use 2 Vicryl stitches for this purpose. If needed, a basket is used to trim the excess tissues of the stump to prevent impingement. The knee can now be fully extended to test for impingement. The pearls and pitfalls of the technique are shown in [Table 1](#tbl1){ref-type="table"}. The technique is shown in [Video 1](#appsec1){ref-type="sec"}.Table 1Pearls and Pitfalls of Reconstruction of ACL Injury by Hamstring Graft Using a Stump Preserving TechniquePearlsPitfallsGraft preparation• Six-strand hamstring graft• Do not create the tunnels before preparing the graft. Creating larger tunnels is not necessary and will damage more stump tissueCreating the femoral tunnel• Shave the femoral footprint• Create the femoral tunnel in the center of the femoral footprintCreating the tibial tunnel• Split the tibial stump by a number 11 blade longitudinally\
• Use a tip aiming C-guide with its tip placed in the center of the stump. If the stump makes visualization of the tip of the guide pin difficult, use a probe to feel it\
• Create the tibial tunnel by a 6-mm reamer; increase the increments by 1 mm till reaching the desired tibial tunnel size. Use a probe to feel the reamer\
• Bore a tunnel for the hamstring graft in the stump by a motorized shaver• Do not ream inside the stump to visualize the reamer. Use a probe to feel the tip of the guidewire or reamer in the joint while reaming the tibial tunnel. Feeling a metallic sensation is sufficient to indicate reaching the joint. Excessive reaming or drilling in the tissue of the stump will damage it\
• Do not try to pass the graft through the stump without creating enough room by a shaver. The tissues that are shaved are in the central part of the ACL stump, whereas the subsynovial tissue with high density of mechanoreceptors is preservedShuttling the ACL graft• Shuttle the hamstring graft through the tibial tunnel, ACL stump, knee joint, and finally the femoral tunnelGraft fixation• Fix the graft proximally and distally by biodegradable screws\
• Use a suture passing device (Expressew II; Depuy Mitek, Raynham, MA) to pass No. 2 Vicryl suture through the stump and graft• Avoid overstuffing the notch. This can be done by tensioning the stump to the ACL graft before suturing them together and by trimming the excess tissue after testing extension• Retrieve both ends of the suture by a ring forceps from the anteromedial portal• Tension the stump by a grasper• Tie the suture by a sliding knot and 2 half hitches• Extend the knee to test for impingement[^1]

Closure {#sec1.8}
-------

A drain is put in the knee joint. The portals are closed by 3-0 monocryl. The subcutaneous tissue in the donor site of the graft is closed by Vicryl 0 and the skin is closed by monocryl 3-0.

Postoperative Protocol {#sec1.9}
----------------------

After the operation, the patients are instructed to achieve full extension in the first 24 hours. Physiotherapy program then includes a graduated strength, endurance, and proprioceptive training. At 12 weeks, jogging is allowed in a straight line on a flat surface. Return to sports is not allowed before 6 months.

Discussion {#sec2}
==========

The aim of this technique is to provide a simple, reproducible technique for stump retaining ACL reconstruction with preservation of the subsynovial mechanoreceptors and blood vessels. The hallmark of our technique is splitting the ACL stump that allows a more anatomical position of the graft. Also, boring the stump to create a room for the reconstructed graft is essential, preventing overstuffing of the ACL in the notch. Suturing of the graft to the stump prevents buckling of the stump in the notch and synovial leakage inside the tibial tunnel. This technique also allows preservation of the shape and surface area of the wide tibial origin of the ACL. The advantages and disadvantages of our technique are summarized in [Table 2](#tbl2){ref-type="table"}.Table 2Advantages, Disadvantages, and Limitations of Suturing the ACL Graft to the Stump Using Our TechniqueAdvantages• Simple, reproducible technique for stump preserving ACL reconstruction• Preservation of the subsynovial mechanoreceptors and blood vessels because only the central part of the stump is shaved to bore the tunnel for the graft• Preservation of the shape and surface area of the tibial footprint• Compensates for minor errors in tibial tunnel placement• Avoiding overstuffing of the notchDisadvantages and limitations• Impingement can happen especially in patients with a narrow notch• Prolonged operative time compared with stump sacrificing surgery• We assume that early revascularization happens when this technique is used. However, this was not proven by the current study[^2]

Adachi et al.[@bib5] designed a study with 40 patients who underwent ACL augmentation and compared them with 40 patients who underwent ACL reconstruction. The augmentation group was superior in terms of joint stability and position sense. Lee et al.[@bib6] reported better functional outcome and proprioception in patients with stump \>20% in length compared with those with stump \<20% in length. Zhang et al.[@bib7] compared tibial tunnel widening in a randomized controlled trial on remnant preserving and remnant removing patients. Tibial tunnel widening was significantly less in the remnant preserving group. The authors proposed that the remnant provided a source of blood supply to the graft and allowed rapid healing of the graft to the bone---this was an assumption by the authors but was not proven by the study---which decreased micromotion between the graft and bone and thus prevented tibial tunnel widening. Trocan et al.[@bib8] reported a significant difference between biopsies obtained from the ACL stump and normal ACL. Biopsies obtained from the ACL stump had more CD34^+^ fibrocytes (CD34 is a nonspecific marker for endothelial cells, fibroblasts, and fibrocytes) and stellate stromal cells and showed angiogenesis in the ligament and synovium. Gohil et al.[@bib9] conducted a randomized prospective study involving a group with ACL reconstruction with minimal debridement and a group with ACL reconstruction with standard debridement. The study showed that there was a significantly earlier higher signal in the midsubstance of the ACL graft in the minimal debridement group, indicating revascularization.

In this technique, the graft is passed within the stump. We hypothesize that the graft heals to the sump. This compensates for minor errors in the site of the tibial tunnel. In stump sacrificing ACL surgeries, once the tibial tunnel is reamed the point of fixation of the graft to the joint surface cannot be changed. However, in this technique, we assume that the graft heals to the stump that will form the new ACL regardless of the exact site of the tibial tunnel. Thus, the shape and surface area of the tibial footprint of the reconstructed ACL are as the native ACL. Although a semitendinosus gracilis autograft can reproduce the size of the femoral footprint, the size of the tibial footprint cannot be reproduced by semitendinosus gracilis autograft, semitendinosus autograft, or by bone--patellar tendon--bone autograft.[@bib10] We also assume that our technique can enhance revascularization of the graft and preserves the mechanoreceptors function. This is because we create a tunnel inside the substance of the stump leaving the subsynovial tissue where the mechanoreceptors and subsynovial vessels are present.[@bib1] In addition, we believe that stump preservation guards against tunnel widening. When the graft is encased within the stump all-around and sutured to it, synovial fluid cannot reach the tunnel. Synovial fluid trickling into the tunnel causes tunnel widening.[@bib11] We also claim that tensioning and suturing the remnants to the ACL will add to the strength of the graft and promote better remodeling. However, this technique carries an increased risk of impingement especially in patients with a narrow notch. Nevertheless, the operative time is prolonged when compared with remnant sacrificing ACL reconstruction.

Lee et al.[@bib12] proposed a stump preserving technique with distally attached hamstring graft. However, they placed the guide pin for the tibial tunnel in line with the ACL remnant and lateral to the posterior cruciate ligament. In our technique, the stump was split to ensure a more anatomical position of the tibial tunnel. In addition, an additional incision was needed at the lateral femoral condyle for the proximal tie, but in our technique, no incisions are needed in the thigh. Ahn et al.[@bib13] proposed another technique for stump preservation using hamstring graft. They proposed that the ACL stump is usually scared at the posterolateral part of the footprint. This scared tissue was debrided and 3 sutures were used to apply traction on the stump. This helped them in localizing the proper site of the tibial tunnel. In our technique, we relied on splitting of the stump to localize the site of the tibial tunnel.

In conclusion, this technique provides a simple way for stump preservation. We are now in the process of accessing proprioception and isokinetic testing for patients operated on with this technique. We are looking forward to comparing the postoperative stability and proprioception in patients treated by this technique to patients treated with stump sacrificing surgeries.

Supplementary Data {#appsec1}
==================

Video 1Arthroscopic reconstruction of the torn anterior cruciate ligament (ACL) of the right knee using hamstring graft with the stump retaining technique. The ACL femoral footprint is shaved and the femoral tunnel is created in the center of the femoral footprint. A number 11 blade is used to split the tibial stump longitudinally. A tip aiming C-guide is used with the tip placed in the center of the stump and then reaming is performed. If the ACL stump makes visualization of the tip of the guide pin or reamer difficult, a probe is used to feel the guide pin or reamer. The graft is shuttled and then a No. 2 Vicryl suture is passed through the graft and stump. Finally, the knee can be extended to assess impingement.ICMJE Author Disclosure Forms
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[^1]: ACL, anterior cruciate ligament.

[^2]: ACL, anterior cruciate ligament.
